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ABSTRACT 


With the end of the Cold War, the winds of military 
downsizing are blowing all over the world. Downsizing means 
fewer personnel, less facilities and smaller military budget. 
Therefore, understanding the relationships among factors 
m'sponsible for force operating costs is extremely important 
when facing downsizing budgetary decisions. 

This study analyzes the U.S. Navy main combatant vessels' 
Operating and support (04S) costs. It seeks to reveal basic 
Rear Tonshtps of O&S costs through accounting and structural 
methods. The accounting oriented analysis found the VAMOSC- 
SHIPS and Jane's combined database to be relatively accurate 
with the exception of nuclear submarines and nuclear aircraft 
Carriers. The structural analysis found that the overhaul 
cost should be analyzed separately due to essential 
differences used to calculate overhaul costs and a 1985 policy 
revision to ship overhaul. O&S cost relationships between 
factors other than overhauls were strong. Manpower was found 


to have the most dramatic effect on determining O&S costs. 


LLI 


TABLE OF CONTENTS 


I-TMINITRODUCLHON 


ħa 
B 
E 
D 


ba 


LITERATURE REVIEW 
DATABASE DESCRIPTION 
OBJECTIVES 

SCOPE On P oE A (I: 


TWO APPROACHES TO ACHIEVE THE OBJECTIVES 


II. DATA AUTHENTICATION 


ae 


E 


oe 


PRELIMINARY EFFORTS TO VERIFY THE DATABASE 
DATA AUTHENTICATION PROCEDURE 

ila Grouping theme 

23 Specification on different subcategories 


of the O&S cost 


a. Manpower 
D: Material 
En Maintenance 


Ge Overhaul 
Se Robust regression and outlier detection 
4 . Serial correlation and 
heteroskedasticity 
DATA AUTHENTICATION REGRESSION RESULTS AND 
INTERPRETATIONS 


ji Manpower Costs 


Iy 


TO 


A 
ie 
14 
13 
17 


19 


20 


24 
25 


DUDLEY KNOX LIBRARY 


NAVAL POSTGRADUATE SCHOOL 
MONTEREY CA 93943-5101 


Die Maeti OE N ER . . . .. 26 
B: Ma intensies CCEMENM A 21 
4. OvernnaulCosS - AE e Ee 28 


D: UNANSWERED SIDE-EFFECTS OF THE OVERHAUL 


pelle CNC ATA, . 29 
ie Manpower os: ae 2 «= 2 & + % 30 
fd Material r o . ¿G m. on 
or Mabe anae OO HE EE ye TE a B 
4, Overman C n Qi rot, . 0 B. 
¡IA SHORT CONCLUSION POR SDATARRUTHENTIGATION . ., 36 
maa CCREGATE O6S COST ANALYSIS . . e s e s <+ e è > o 3 
A. EOMENTIAL 2NDEPENDENT VARIABLES @ . =... . Dal 
pS Steaming hours underway (HRSUWAY) . . . 38 

228 Acguisitlon cost in real terms 
(ACOREAL) EE ES is EE GENE se o 38 
cm Manpower on board a ship (MANPWR) .. . 38 
EIA Eike. Si FLEET MOTT. . . . 39 
D Engine shut down hours (HRSNOWAY) . . . 40 
6. Bee a EAR E NG Sm ST SC, š 40 
A NO h li p > GK EE NE Aa 41 
B. MODEL OF AGGREGATE ANALYSIS ........ . 42 
C. EEERE SION EQUATION FORMAT .. . s soe 8 « « « 43 
Ba AOC RECATE ANALYSIS ON INDIVIDUAL TYPE . . . . 45 
E. PIEEREGET TE ANALYSIS BY COLLECTIVE SHIP TYPES . 48 
des Rees don ONG . 4 © 4 . «6 + . e... 49 


2 Regressions two and three 


SA Regressions four, five, six and seven 


E OVERHAUL COST PROBLEM 


G. ADJUSTED AGGREGATE ANALYSIS MODEL 


Hi: SHORT CONCLUSION FOR AGGREGATE ANALYSIS 


IV. CONCLUSIONS AND RECOMMENDATIONS 


APPENDIX A. ALL ELEMENTS IN THE TAMOD Se TE 


APPENDIX B. LIST OF PRELIMINARY RESEARCH REGRESSIONS 


APPENDIX C. SAS PROGRAM OF THE MATHEMA Ciera 


APPENDIX D. OVERHAUL REGRESSIONS BY TYPE 


LIST OF REFERENCES 


BIBLIOGRAPHY 


INITIAL DISTRIBUTION LIST 


vl 


50 


Si 


35 


56 


24 


59 


61 


66 


68 


E 


12 


1s 


14 


TABLE 1: 


LIST OF TABLES 


PRO OUS GROUPING TOR TEE SHIPS. FROM THE 


"MODERNIZING AND OPERATING THE MILITARY CAPITAL 


STOCK" 


TABLE 2: 
Ili. 
TABLE 3: 
FHE 
TABLE 4: 
FOR 
TABLE 5: 
THE 


TABLE 6: 


TABLE 8: 


MANPOWER DATA AUTHENTICATION FINAL RESULTS FOR 
ei oe TEL IDEES reins NAVY'S SHIPS 
MATERIAL DATA AUTHENTICATION FINAL RESULTS FOR 
MS LE STEED TIPES OB THE NAVY'S SHIPS 
MAINTENANCE DATA AUTHENTICATION FINAL RESULTS 
MATES PPDEC T Pp PYPES OE THE NAVY'S SHIPS 
OVERHAUL DATA AUTHENTICATION FINAL RESULTS FOR 
NE EL ECTEDSTYFPES OF THE NAVY'S SHIPS 
MANPOWER REGRESSIONS ON ALL OBSERVATIONS WITH 
WITHOUT DATA YEAR AS ADDITIONAL FACTOR 

HE KAN BEGRESSITONS ON ALL OBSERVATIONS WITH 
WITHOUT DATA YEAR AS ADDITIONAL FACTOR 


MAINTENANCE REGRESSIONS ON ALL OBSERVATIONS 


WITH AND WITHOUT DATA YEAR AS ADDITIONAL FACTOR 


BREDLE 9: 


OVERHAUL REGRESSIONS ON ALL OBSERVATIONS WITH 


AND WITHOUT DATA YEAR AS ADDITIONAL FACTOR 


ABLE, 10: 


AGASSI KES ULI FOR SUPPORTING THE SET OF 


SHIP TYPE DUMMY VARIABLES ON REPLACING THE 


"ACQREAL" AND "MANPWR" VARIABLES 


vi 


10 


25 


30 


bal 


2 


oo 


42 


TABLE 11: REGRESSIONS ON O&S COST (INCLUDING SCHEDULED 
OVERHAUL COST 

TABLE 12: O&S COSTS REGRESSIONS (EXCIUDANE IE RAAS 
OVERHAUL Ost 

TABLE 13: REGRESSIONS ON EIGHT TYPES COLLECTIVE 
OBSERVATIONS WITH DIFFERENT COMBINATIONS OF 
INDEPENDENT VARIABLES 

TABLE 14: OVERHAUL COSTS STRUCTURAL REGRESS MOM END 


ACCOUNTING ORIENTED REGRESSION RESULT COMPARISON 


VAN 


45 


46 


49 


Jie 


LIST OF FIGURES 


Figure 1: VAMOSC-SHIPS combined database authentication 
procedure flow chart. 

Figure 2: Missing values vs. observations left. 

Figure 3: The relationships for old ships, mid age 
ships and young ship under the changed overhaul 
SOS Ch 

Figure 4: Aggregate analysis model before analysis. 

Figure 5: Relationships among ACQREAL, MANPWR and O&S 
cost (Without Overhaul). 


Figure 6: Adjusted aggregate analysis model. 


eZ 


34 


43 


on 
511 


ACKNOWLEDGMENTS 


I wish to express my thanks to my principal advisor, Dr. 
Katsuaki Terasawa, my associate advisors Dr. Gregory G. 
Hildebrandt and Dr. Dan C. Boger for their help and guidance. 
I will also not forget the support and understanding my wife 


Dinah and two lovely daughters gave me during my hard study. 


I. INTRODUCTION 


As the Cold War ends, the whole world faces a new 
military challenge: downsizing the armed forces*. Tensions 
memween the free world and communist countries are eased. 
Because of the nature of democracies, politicians are asked to 
execute the will of the people, and downsizing the military is 
a current goal of the post-cold war constituency. But in line 
with President Bush's recommendations to make the American 
military "... smaller, but better," the military must ensure 
that it maintains or improves the quality of its military 
forces as it reduces its size. 

One measure of an improved military is better combat 
readiness“, in other words - better trained personnel and 
better maintained weapons. Operating and support (O&S) costs 
ate costs spent in daily operation and Support of the force 
and hence can be one measurement of combat readiness. Only by 
understanding the relationships between O&S costs and the 
factors that affect it can we do any further research to make 


constructive models or suggestions about modifying O&S costs. 


“Few exceptions are Iraq, Red China, Haiti, etc. 


“"Department of Defense Dictionary of Military and 
Associated Terms", JCS Pub. 1, 1 April 1984. Readiness is 
defined as "the ability of forces, units, weapons systems, or 
equipment to deliver the outputs for which they were 
designed." 


A. LITERATURE REVIEW 

An initial study using the same database that this study 
used was conducted by Katsuaki Terasawa, William Gates and Ku 
Shin in March of 1993[Ref. 1]. The study categorized the data 
into eleven groups and used linear and double log regression 
models to find relationships in 065 costs. Two main 
Statistical weaknesses in this study, serial correlation and 
heteroskedasticity, were a result of the database being 
comprised of pooled data. 

Another study conducted by the Institute for Defense 
Analyses (IDA), and titled Estimating Operating and Support 
Costs of Military Forces, (bv Paul F. Goree, 1909 pro w 
leader) [Ref. 2] studied a much wider O&S cost area. EE 
performed statistical multivariate regressions on total O&S 
costs and direct O&S costs and included aircraft cars. 
amphibious ships, attack submarines, cruisers, destroyer a 
frigates, patrol combatants and strategic submarines. The 
report considered serial correlation and identified El 
overhaul costing procedures as causing otherwise unexplainable 
Statistical variations. 

Research from the RAND Corporation entitled, An 
Estimation of USAF Aircraft Operating and Support Cost 
Relations, by Gregory G. Hildebrandt done in May of 1990[Ref. 
3], studied in more detail the Air Force's overall OS SINCE 
structure. Hildebrant's study used averaged annual data and 


provided a well developed statistical model. His model is 


used as a structural basis for the aggregate part of this 
Study with modifications for use with Navy ships vice Air 


merce alrcratt. 


B. DATABASE DESCRIPTION 

The database used in this study is the same combined 
database used by Terasawa et al and is constructed from three 
major sources of data: Visibility and Management of Operating 
BAG Supporting Cost - Ships (VAMOSC - SHIPS), March 1991; 
NAVSEA Historical Cost of Ships, Naval Sea Systems Command, 
Cost Estimating and Analysis Division (SEA 017); and Jane's 
imentinġ Ships, 1988-1989. 


fine VAMOSC-SHIPS data is the largest component of the 


Mmemorned database. It contains (1) direct unit costs, (2) 
direct intermediate maintenance costs, (3) direct depot 
Maintenance costs and, (4) indirect operating costs. There 


are many clearly defined sub-elements under these four 
Categories. Appendix A provides detailed compositions of these 
four categories. Because the data provides a level of detail 
down to individual ships, it can be used to estimate different 
cost characteristics among different types of ships. 

The NAVSEA component of the database provides acquisition 
Be data for 652 ships in current and constant 1992 dollars 
and inflation indices. The Jane's component of the database 
provides annual displacement (tons), commissioning dates, and 
generating capacity/horsepower data from 1981 to 1990. These 
D-BASE and STATA (a statistical software package) formatted 
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databases were converted to Statistical Analysis Software 
(SAS) format on the Naval Postgraduate School's mainframe 


Computer Syston: 


ce OBJECTIVES 
The objectives of this study are vee 
wé Understand and authenticate through operating and support 
analyses the VAMOSC-SHIPS and Jane's combined database to 
certify the validity of the database for fume 
analysis. 

° Identify basic relationships between O&S costs and 
factors that affect it and also determine the magnitude 
of their separate influences on O&S costs. 

° Provide a useful database for modeling the effects of 
Changes in operational tempo upon O&S costs. 

D. SCOPE OF RESEARCH 

This research will focus on the main combatant vessels of 
the U.S. Navy: Guided Missile Cruisers (CGs), Nuclear Guided 

Missile Cruisers (CGNs), Aircraft Carriers (CVs), Maal mm 

Aircraft Carriers (CVNs), Destroyers (DDs), Guided Missile 

Destroyers (DDGs), Frigates (FFs), Guided Missile Frigates 

(FFGS), Nuclear Ballistic Missile Submarines (SSBNs) and 

Nuclear Submarines (SSNs). Other ship types were excluded 

from this study due to the extremely low numbers of certain 

ship types? or the planned decommissioning of other types’. 
‘Types like AG, AGDS, AGF, AGSS, AR, ARL, ATF, AVM, AVT, 

BB, LCC, MCM, MSO, PG have five or less ships or less im 

fifty- observation- 

‘Usually the ship types in footnote 3 represent only old 
ships which were commissioned more than twenty years ago. 


Type AR ships were all commissioned fifty years ago. Type SS 
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Two second level sub-elements of the VAMOSC-SHIPS 
database were not relevant to this study and were excluded. 
The first was unscheduled repair costs: (3.1). Unscheduled 
repairs are the result of combat casualties, maritime affairs 
Or other unforeseeable occurrences that are beyond the repair 
capability of the ships. The other was fleet modernization 
Bests’ (3.2). Fleet modernization costs are costs of 
performing ship alterations (nuclear alterations and ordnance 
alterations dependent on the development of new weapon 
technology) and installing improvements (including military 
and technical improvements). These activities are not part of 
normal daily operating and support costs and they were 


excluded from this analysis. 


E. TWO APPROACHES TO ACHIEVE THE OBJECTIVES 
In order to attain the stated objectives, this research 


iN divided into two parts. The first part deals with 


(Submarine) has eight ships, but the newest ship was 
Sommissioned in 1959. 


> Definition for unscheduled repairs in the VAMOSC-SHIPS 
data is "Cost of depot level maintenance performed at public 
Or private facilities as a result of casualty, voyage damage, 
and other unforeseeable occurrences which are beyond the 
M pair Capability of the ships force." 


> Definition for fleet modernization in the VAMOSC-SHIPS 
data is "Cost of installing ship alterations and improvements 
including military and technical improvements, nuclear 
alterations and ordnance alterations; cost of other support 
MMerded at depot facilities; and costs for centrally - 
provided material used at public and private facilities. Cost 
expended for the purchase of spares and other material 
required due to changes to the ship's Coordinated Shipboard 
Allowance List (COSAL)." 


accounting-oriented "regress sear Accounting-oriemeca 
regression means using as nearlv as possible the constructive 
relationships among the data to determine the quality of thë 
data. If the regressions closely model the or maaa 
relationships, then the data is "clean"; that is to say, it is 
fairly accurate and verifiable. If the regressions do nog 
substantiate the original relationships, then we know that the 
data is not clean, that the derived data is uncorrelated with 
the source data from which it was derived, and its inaccuracy 
may make it unsuitable for use in further analysis. 

The second part of the study is to find relationships 
between O&S costs and factors that theoretically affect these 
costs using structural equations. These relationships then 


can be the basis for further simulation and forecasting. 


II. DATA AUTHENTICATION 


A. PRELIMINARY EFFORTS TO VERIFY THE DATABASE 

Initial authentication efforts were by trial and error. 
Various multivariate regressions were performed using cross- 
sectional, timewise and individual ship approaches, none of 
which yielded useful results. Appendix B isla partial list 
of preliminary multivariate regressions conducted that are 
representative of the direction and efforts made to verify the 
accuracy of the database. Finally, a model for dealing with 
pooled data was provided by Professor Dan Boger and is the 
basis for the statistical regression models used in verifying 


the accuracy of the pooled data. 


B. DATA AUTHENTICATION PROCEDURE 

Authenticating the data is a somewhat complex task. The 
Navy has over six hundred ships with varying operational 
tempos, sizes and other unique characteristics. The VAMOSC- 
meso database provides details of these and other 
characteristics such as manpower and maintenance requirements. 
Outlying values in the database could skew statistical 
regression results, and pooled datasets present problems of 
statistical serial correlation and heteroskedasticity. 10 
deal with these problems requires the development of a data 


authentication procedure in order to proceed with the 


analyses. The flow chart in Figure 1 illustrates the 


procedure that was developed to authenticate this dataset. 


The procedure can be divided into four parts: (1) 
grouping data, (2) specification of each group, (3) CONS 
regression, and (4) treating serial correlation and 
heteroskedasticity weaknesses in pooled datasets. The 


following sections will describe each part of the procedure in 


detail. 


Data Authentication Procedure 


THE DATA BASE 


PROPER GROUPING 


[group x 
| 
PROPER SPECIFICATION ON O&S COST 


ap — 


Material 


USE POOLED DATA METHOD AND THE 
ROBUST REGRESSION TO FIX SERIAL 
CORRELATION, 
HETEROSKEDASTICITY AND CLEAR 
OUT THE OUTLIERS 


GROUP 4 RESULTS 


Figure 1: VAMOSC-SHIPS combined database authentication 
Procedure flow chart. 













1. Grouping the data 

Ku Shin's study subdivided four traditional Elia 
groups into eleven sub-groups. These traditional groupings 
are: (l) auxiliary ships, (2) surface combatants ee 
amphibious warfare ships, and (4) submarines. Table 1 from Ku 
Shin's report (reproduced below) shows the composition of the 
VI Groupings: 

TABLE 1 


PREVIOUS GROUPING OF THE SHIPS FROM THE "MODERNIZING AND 
OPERATING THE MILITARY "CAPITAL STOCK” gorro sn 


E mA Hax mom ase | 
ruls 5 Aircratt sarriers: a a 
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Nuclear rulsers 
arriers: 


Maximum 0 
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"In Ku Shin's report, "Historical data trends were 
constructed for four ship categories: ....' 
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The basis for these 11 groupings is similar 
operational tempo. But ship sizes vary widely within these 
Meoupings. For instance, ships sizes in Group 1 vary from 
1,040 to 52,500 tons and ships in Group 4 vary in size from 
6,888 to 91,487 tons. Also, while SSBNs and SSNs are similar 
in their nuclear propulsion systems, they have very different 
missions. Since the VAMOSC-SHIPS data provides a level of 
detail data down to individual ships, we expanded the grouping 
sola deeper "TYPE" level. Grouping ships by type arranges 
ships by similar operational tempo but with a narrower range 
of tonnages. Certain types, such as AGs, AGDSs, AGFs, and 
AGSSs, with only a few ships do not provide enough 
observations for statistical analysis and others, such as SS, 
AR, ATF and BB, are obsolete or scheduled for decommissioning. 
This research will focus on only the following combatant 
ships: Guided Missile Cruisers (CGs), Nuclear Guided Missile 
ears (CGNs), Aircraft Carriers (CVs), Nuclear Aircraft 
Carriers (CVNs), Destroyers (DDs), Guided Missile Destroyers 
(DDGs), Frigates (FFs), Guided Missile Frigates (FFGs), 
Nuclear Ballistic Missile Submarines (SSBNs) and Nuclear 
Submarines (SSNs). 

2. Specification on different subcategories of the O&S 
cost 

Before proceeding with the specification of each O&S 
cost field, the database was analyzed to determine the number 


Of missing values which will reduce the number of valid 


li 


observations for our analyses. Figure 2 compares missing 
values and the remaining numbers of observations for several 


useful variables. 


Misirg Values vs. Observations Left 
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Figure 2: Missing values vs. observations left. 


Most of the missing values are truly missing. 
BBLSPRHR (barrels of fuel per steaming hour), mf Gmm 
(steaming hours underway), and HRSNUWAY (steaming hours not 
underway) are missing values for several types of ships 
because the data is classified and therefore not available. 
Other than these three variables, the database has a rather 
small proportion of missing values. 

The elements and sub-elements of the VAMOSC-SHIPS 
database were categorized into four subcategories: (1) 


eZ 


manpower, (2) material, (3) maintenance, and (4) overhaul. 
HO each field, an accounting-oriented equation was specified 
for data authentication. 

The definitions and justifications for the four 
categories of dependent and independent variables are provided 
below. 

a. Manpower 

In order to most closely duplicate the original 
Calculations made to enter values into the database, temporary 
additional duty (TAD; sub-element 1.1.2) was eliminated from 
sub-element 1.1 leaving only manpower (sub-element 1.1.1) as 
the dependent variable. The definition for manpower (MP) 
provided by the VAMOSC-SHIPS book is: 
Cost of the services of all active duty Navy personnel 
assigned to the ship as reported by Defense Finance and 
Accounting Service - Cleveland Center from the Joint 
Uniform Military Pay System (JUMPS). This includes base 
pay, allowances, other entitlements and government 
Memeributions to FICA and SGLI. This element does not 
include the indirect costs of trainees, unassigned 
personnel, permanent change of station, prisoners, 
merrents, etc.IRef 1:P. A-3) 
The number of officers (OFFNAVV') and enlistees 
(ENLNAVY’) assigned to each ship were the independent 
variables. The coefficients of these variables would then 
represent the average annual pay for officers and enlistees 


respectively. The equation for the manpower regression is as 


follows: 


Refer to Appendix A, sub-element 1.1.1.3, ENLISTED MANPOWER. 
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MP 2 d, ta, OFFNAVV Ha, ENLNAVI re (1) 


All independent variables should have a 
positive sign. We can reasonably say that the value fora; 
should be greater than that of a, because officers are 
more than enlistees. The relationship of the independent 
variables is additive, so the values for both dependent 
variable and independent variables should be arithmetic from 
the raw data and not logarithmic. 

p. Material 
Material (MAT; sub-element 1.2) is defined 
as: Cost of all materials utilized or consumed by the ship 
with the exception of materials utilized VM Eie 
Intermediate and Depot level maintenance effort which 
il reported under elements 2.0 and 3.0.[Ref. 4:P. A- 

Petroleum and fuel burnt comprise most Of the 
material consumed by ships. Since all depot level maintenance 
is not included in this sub-element, then it is assumed that 
material and consumables used are proportional to the fuel 
burnt. The product of steaming hours underway (HRSUWAY) and 
the barrels of fuel per steaming hour (BBLSPRHR) sns 
represent fuel burnt. Given the multiplicative relationship 


between the HRSUWAY and BBLSPRHR, the regression equation 


Should look like the following: 
MAT = e" HRSUWAYP: BBLSPRHR*? e* (2) 


Here ef? is equal to the unit price of the fuel. 
After taking natural logarithm of both sides om A 
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regression, the regression equation will look like the 


following: 


In (MAT) = B,+B, ln (HRSUWAY) +B,.l1n(BBLSPRHR) +€ (3) 


ia io i at table Contains only the 
cost of fuel burnt, then we should expect B. and B. to be the 
value 1 and the B. = ln(unit price of the fuel). Because sub- 
element 1.2 contains sub-elements other than fuel, we expect 
that both B, and B, will capture some of these costs. The B 
that captures more of these costs other than fuel will have a 
Meetricient greater than l and the other will have a 
coefficient less than 1. 

C; Maintenance 

Maintenance (MH) contains all the sub-elements 
maer element 2.0. It is defined as: 

“it oi material and labor expended by a tender repair 
ship, or equivalent ashore or afloat Intermediate 
Maintenance Activity (IMA) in the repair and alteration of 
Other vessels. Regular ship overhaul, non-scheduled ship 
repair and fleet modernization costs are included in 
element 3.0.[Ref. 4:P. A-34] 

The element contains four sub-elements which 
are: (1) afloat maintenance labor, (2) ashore maintenance 
MSDS, (3) material, and (4) commercial industrial services. 
Among the definitions for these sub-elements, the definition 
K commercial industrial services is critical to our 
EE nLing-oriented regression on maintenance. The definition 


Of commercial industrial services is: 


mee Tor accomplishing afloat and ashore intermediate 
Maintenance actions by private contractors due to workload 
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limitations at the Intermediate Maintenance Activas 
(IMAs) . (Ref. 4:P. A-42] 


This definition reveals that the Navy ieee 
commercial industrial services to perform intermediate 
maintenance actions only after first saturating its afloat 
maintenance actions capacity and then its asnore maintenance 
actions capacity. If we use afloat maintenance hours (AFLOAT) 
and ashore maintenance hours (ASHORE) as the independent 
variables in the linear regression on maintenance cost, the 
coetficients snould be the hourly average wage plus whatever 
is captured from the commercial industrial services. But, the 
commercial industrial services should be absorbed mostly by 
ashore maintenance hours since commercial industrial services 
costs only occur after the ashore maintenance workload is 
full. The equation that expresses these relationships is the 


following: 


MH = y +1, AFLOAT+ Y AIDA EEE (4) 


The relationship petween AFLOAT and ASHORE is 
additive and hence the linear formation of the equation. 
Because the quantity for commercial industrial service is 


relatively small, both the coefficients for AFLOAT and ASHORE 
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Proul@ De close to the $17.83 hourly E-6 wage”. BUt 
Emoula be greater than y. for the aforementioned reasons. 
d. Overhaul 
Element 3.0 is the direct depot maintenance and 
it contains: (1) scheduled ship overhaul (OVERHAUL), (2) non- 
eem@eauléeéd ship repairs, (3) fleet modernization, and (4) other 
depot maintenance. Since non-scheduled ship repairs and fleet 
modernization are atypical overhaul operations, as previously 
discussed, they will not be relevant to this analysis. And 
for accounting-oriented regression, "other depot" costs are 
also ignored because of their relatively insignificant 
amounts. Theoretically, scheduled ship overhauls should be a 
function of accumulated steaming hours since the previous 
engine overhaul and accumulated hours since the previous ship 
body overhaul. This will be a structural regression rather 
than an accounting-oriented regression. SING | ene sat 
Overhaul maintenance rules for different types of ships are 
unknown‘, and accumulated steaming hours and the length of 
period between overhauls are equally uncertain and different, 
it is assumed that whenever the engine stopped running there 
*°In VAMOSC-SHIPS, there is a note under the sub-elements 
Of afloat and ashore maintenance cost saying "Analysis 
Ku Led during the VAMOSC-SHIPS study indicated that an E-6 
was the average rating performing IMA maintenance. The 
Bemposite Standard Rate for an E-6 is input to the VAMOSC- 
SHIPS MIS from the most current NAVCOMPT Notice 7041." 
“Use of standard overhaul costs for different size 
Svemeauls to form dummy variables could be one method, but 
Pu would be artificial standards. In addition, extraneous 


regressions would be performed on the overhaul costs. 
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Was an opportunity to perform an overhaul and one was 
performed. Although overhauls do not necessarily have tol be 
performed with engines stopped, this is usually the cases 
Engine hours not steaming (HRSNOWAY) is the remaining hours 
after steaming hours underway (HRSUWAY) and steaming hours not 
underway (HRSNUWAY) have been deducted from total annual hours 


(S760 AQUESIS 


HRSNOWAY = 8760 - HRSUWA Y - HRSNUWA Y (5) 


Another factor to be considered is the age of 
the ship. This variable made the equation not an accounting 
oriented regression. The AGE variable is introduced to 
account for the 1985 change in the Navy's overhaul policy. 
Quoting from the section in Estimating Operating and SUD 
Costs of Military Forces, concerning ship overhauls: 

Two things are noticeable: (1) . . . (2) the number: 
overhauls per year has been decreasing, most obviously in 
1986 and 1987. This decrease is due to a Change in Navy 
ooo to increase the time between overhauls. [Ref. 2:P. 

As the age of a ship increased, the number of 
overhauls decreased, reducing overhaul costs and reducingman. 
number of engine shut down hours. The overhaul regression 
equation should be a log-linear format because the variable 


AGE should not be logged. The equation should appear as 


follows: 
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In (OVERHAUL) = 0,+0,1n(HRSNOWAY) +0,AGE+e (6) 


The coefficient for HRSNOWAY represents the 
Eentage of overhaul cost change for a one percent increase 
in engine shut down hours. The coefficient for AGE represents 
the percentage change of overhaul cost for a one year increase 
in fiscal year of the data vear. 
3. Robust regression and outlier detection 
With over one hundred variables in each observation 
and a total of 4831 observations, it is entirely plausible 
Me tvpographical errors or other similar errors occurred 
meeting data entry. Because multivariate Ordinary Least 
Squares/ (OLS) linear regression uses the method of minimizing 
the sum of squares of actual less residuals, it gives undue 
genie tO outlying values ("outliers"). Usually an outlier 
has a large residual and after squaring the residual, its 
Statistical influence becomes even larger. Robust regression 
is introduced as a useful method to compare the outlier 
affected OLS outcome with an unaffected regression outcome. 
properly using the criteria given in the robust regression 
could provide a relationship of the targeted data untainted by 
si liers. Unfortunately, this method is not popularly used 
and therefore is not supported in the SAS software used in 
this study. Although prohibited in applying this method in 
this study, use of the robust regression method is mentioned 
in order to suggest to follow-on researchers the possible 
benefits of its use in further authenticating this database. 
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4. Serial correlation and heteroskedasticity 
Serial correlation and heteroskedastic variation are 
two potential problems involved in performing "ne 
regression on this pooled database containing all the Navy"s 
ships trom VM em ` If we deal only with serial 
correlation, we will have to regress on individual ship... 
annual average of a group of ships and will potentia iS ee 
the ability to deal with heteroskedasticity. If we deal with 
only heteroskedasticity, we will have to regress ong = 
sectional data annually or average data of each type amg 
potentially will lose the ability to deal with the (See 
correlation. Fortunately, there is a method found in a book, 
Elements of Econometrics by Jan KmentafRef. 5]. The cross- 
sectionally heteroskedastic and timewise autoregressive model 
deals with these two problems simultaneously. Provided m 
is the relevant part of the model in order to illustratemea 
procedure used for all regressions in this Studii 
Concerning the time-series data, one usually suspects 
that the disturbances are autoregressive CnOUgH wes 
necessarily heteroskedastic. When dealing with pooled 
cross-section and time-series data, we may combine these 
assumptions and adopt a cross-sectionally heteroskedastic 


and timewise autoregressive method. The particular 
Characterization Of sis moes) 


(120220 ol (heteroskedasticity, 
(IŻ 29) b'le die (is j) (cross-sectional independence), 
(12. 24) £ =p e A (autoregression), 
where 
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Note that in this model we allow the value of the 
ME ii ter p Lo vary from one cross-sectional unit to 
another. From these specifications we deduce 


ESO e =p g; es) 
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By making the appropriate substitution, we find that for 
this model 


piv, 0 0 
(12.25) a-| ° Proc" 0] 
| 9 O - pyV, 
where 
ip s pie 
y. | Po U yp: a 
pi pi pi lj 


ach of the 0's represents a (T X T) matrix of zeros. 

TO find consistent estimates of the elements of (12.25), 
we can proceed in the following way. First, we apply the 
ordinary least squares method to all N X T observations. 
The resulting estimates of the regression coefficients are 
unbiased and consistent, and can be used to calculate the 


2i 


regression residuals e,.. From these residuals, we can 
obtain consistent estimates of p, say, BEE 


€... 
(12216) a ee b (c=2,3,... 0m 


ETT, 


When T is small, however, p.-hat may exceed one in 


absolute value. To avoid this possibility, we s 
estimate p, by the sample coefficient of Correlates 
Dêtween ee. and n s 

EE. 
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p = AAA NN 
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This is also a consistent estimator of p. and its value 
1s confined to the interval from -1 to +1 for any sum 
size. 

Next, we use the p,-hat's to transform the obser 
in accordance with (8.61); that is, we form 


( 12 ° Żid ) Wi: pix + Be; dr px n na 
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The purpose here is to estimate oa,“ from observations 
that are, at least asymptotically, nonautoregressive since 
estimated variances based on autoregressive disturbances 
are, in general, biased. To this end, we can apply the 
ordinary least squares method to (12.27) for which we have 
NT observations. The resulting regression residuals, Say, 
u.*-hat, can be used to estimate the variances oa 
Hie Oui‘) by 


A ala a 
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JE 
(12.28) GA Ni 


t=. 


merece wor = TG (1 — p> it follows that G. can be 
estimated by 





. 
IAS s _ 
l-p; 
Since p; is a consistent estimator of p, ands, isa 
consistent estimator of a.., s;* 18 a consistent estimator 
T g. 


Having obtained consistent estimators of p, and ©., we 
have completed the task of deriving consistent estimators 


of the elements of Q. By substituting for PIE 12 20) 
and (12.21a), we obtain the desired estimates of the 
regression coefficients and of their variances. Iteration 
of this procedure until convergence is reached will lead 
to maximum likelihood estimates. 

mec the evaluation of (12.20) and (12.2la) is quite 
burdensome computationally, we may Sib ect the 
observations ES a double krone iem = one 
transformation designed to remove autoregression and the 
other to remove heteroskedasticity - and then use the 
ordinary least squares method on the transformed data. 
The autoregressive transformation is described by (12.27), 
so that we only have to worry about the transformation to 
remove heteroskedasticity. This transformation can be 
pu | out by dividing both sides of (12.27) by s,; 
@ieeained from (12.28), which leads to 


(e. 30) Ve DE Dia BEE EA; 


where 
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nonautoregressive and homoskedastic. The equation (12 af 
can then be estimated by the ordinary least squares 
method, utilizing all of the NT pooled observations. The 
resulting estimates will be the same as those obtained Dy 
the two-stage formulas (12.20) and (12 .21a) . Ref MA 
Ss 0-07 
The aforementioned model is the mathematical side of the 
method. Before this method can be used, it must be expressed 
in a SAS program that can do exactly the same thing that the 
model asked for. The model is useful in authenticating data 
in four subcategories of O&S costs: manpower, material, 
maintenance, and overhaul. Appendix C provides the basic SAS 
program to perform the functions described by the t 
sectionally heteroskedastic and timewise autoregressive model. 


The other three programs are similar with the exception of 


changes to specific dependent and independent variables. 


CZ DATA AUTHENTICATION REGRESSION RESULTS AND 
INTERPRETATIONS 
After developing the data authentication procedure and 
writing the programs for regression, analysis on the four 


subcategories provided by the VAMOSC-SHIPS database Camm. 
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performed. The following four sections are the results 
analyses of these regressions. 
T. Manpower Costs 

Table 2 is the final result of manpower accounting 
Semented regression. The intercepts of each regression are 
not shown but all are close to zero and significant at the 95% 
level. 

TABLE Z 


MANPOWER DATA AUTHENTICATION FINAL RESULTS FOR 
le leid SELECTED TYPES-OF THE NAVY"S SHIPS 


A EL TEN” = 
1732 73460 18562 
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* SOURCE: regression EET Dy author. 


Some highlights of the outcomes of Chese 
regressions: 


° The OFFNAVY coefficients represent the annual pay for 
officers and the ENLNAVY coefficients represent the 
annual pay for enlistees. In most cases, the expected 
relationship - that officers were paid higher than 
enlistees - is true. Only for type SSN is the enlistee 
coefficient larger than the officers. 


Mine annual variation could be related to the different 
ratios of officers to enlistees, different bonuses for 
different ships, etc. For example, an aircraft carrier 
mas more high ranking officers and pilots receiving 
Flight pay, so the coefficient of OFFNAVY which 
represents the average officer annual pay should be 
higher than for certain other ships. Also if a ship has 
more married crew members, the allowances may change the 
average annual pay and result in different coefficients 
in the regression. 


2.0 


° The shaded cells contain uninterpretable outpuis aar a 
that the type SSN has lower officer pay than enlistees, 
type CVN has an insignificant OFFNAVY coefficient which 
is also too low and the coefficient of OFFNAVY for type 
DDG is too low as well. 


° After manually examining the manpower cost for type SSN, 
the SSN manpower data was determined to be unreliable. 
It was discovered that for some consecutive years with 
identical numbers of enlistees and different number of 
officers, the cost for the year with more officers is 
much less than years with less officers. 


2. Material Costs 
TABLE 3 


MATERIAL DATA AUTHENTICATION FINAL UH Sine 
THE TEN SELECTED TYPES OF THE NAVY Pp D 
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* SOURCE: regression performed by author.: 
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A few points relevant to Table 3 follow: 


° Because this is a double log regression, the HRS 
coefficient represents the percentage change of material 
cost when there is a one percent increase in steaming 
hours, and the coefficient of BBLSPRHR represeme at qara 
percentage change of material cost when there is one 
percent increase in barrels of fuel used each steaming 
Nour: 


° Since the effect of the absence of BBLSPRHR data 
nuclear powered ships like CGN, CVN, SSBN and SSN (due to 
security requirements) upon the coefficients of other 
independent variables is uncertain, the rere mm 
analysis results for nuclear powered ships (shaded rows) 
should be disregarded. 


° For the other regressions, we find that the coefficients 
for BBLSPRHR are much larger than those for HRSUWAY Sega 
possible explanation for this result is that when ship 
sail at higher speeds, fuel consumption per steaming hour 
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increases and in turn fuel costs per steaming hour rise 
as well. Higher sailing speeds also cause repairs to be 
required sooner. Simulated combat conditions (such as 
during exercises) may require higher sailing speeds and 
also require increased use of ammunition. These costs 
NENI DEWE by higher BBLSPRHR. It therefore is 
understandable that the effect of HRSUWAY upon predicting 
O&S costs is less than the effect of BBLSPRHR. 


B. Maintenance Costs 


TABLE 4 
MAINTENANCE DATA AUTHENTICATION FINAL RESULTS FOR 
Pee ten SELECTED TYPES OF THE NAVY'S SHIPS 
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MSOURCE: regression performed by author 


Some points relevant to Table 4 are: 


* The AFLOAT coefficient represents the hourly wage for 
maintenance on board the ship and the possible attached 
commercial maintenance cost; the ASHORE coefficient 
represents the hourly wage for maintenance at a shore 
depot and the possible attached commercial maintenance 
FOSC. 


wording to VAMOSC-SHIPS, commercial maintenance is used 
only if the Navy's maintenance capacity is full. Most 
commercial maintenance cost should be attached to ASHORE 
maintenance hours. Table 4 shows that ASHORE 
coefficients are greater than the AFLOAT coefficients. 


* The small adjusted Rê and F values for CVNs, especially, 
as well as for CVs reflects fundamental differences in 
Maintenance policies for these two classes of ships. The 
maintenance system policies for CVs and CVNs are 


dramatically different from other ship types. For 
example, 83% of CVN maintenance costs go to commercial 
Maintenance with similar circumstances for CVs. This 


does not seem unusual given the enormous size and 
importance of these ships. 
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4. Overhaul Costs 


TABLE 5 
OVERHAUL DATA AUTHENTICATION FINAL RES URSS A 
THE TEN SELECTED TYPES OF TÄH E 


561 0.6377 | O.7802 Juss 
3 {0.5459 | <.1e51 | 8.837 | -0.0369 | -0.453 
CS LUS 2.0615 | 20-138 | 00585 i 






















CGN (89) 


CUNT? AS L-1555 6.00 ML EN DE er 
5 5 0 1 
DDG (. ) Oz 37 g) A PEA 1418 308 =U. 1322 -2.383 






= 0.4676 | 2.1259 -0.2802 | -4.913 
EEE TT [TT seas | SL 
À -1.544 


















SSBN (344) EE 
SSN (888) 0.5198 | 1.457 E 0.0981 


* SOURCE: regression performed by author 


The points we would like to make concerning Table 5 


e The NOWAY coefficient represents the percentage change in 
overhaul costs given a one percent increase in engine 
shut down hours, and the AGE coefficient represents the 
percentage change in overhaul costs given a one year 
change in service year. 


* The coefficients for engine shut down hours are 
significant for all ship types but the coefficien gm 
AGE are not significant for the four shaded ship types. 
Closer examination of the VAMOSC-SHIPS overhaul and age 
data reveals that ship types with a higher proportion of 
newer ships have positively significant AGE coefficients 
and ship types with a lower proportion of newer ships 
have negatively significant AGE coefficients. Ship types 
with insignificant AGE coefficients have close to an even 
ratio of newer and older ships. 


° Estimating Operating and Support Costs of Military 
Forces discusses a change to Navy overhaul policy in 
1985. The policy change has slowed the steady rise of 
newly commissioned ship overhaul schedules by stretching 
the time period between overhauls. The effect on older 
ships has been to cause a decrease from steady state 
overhaul costs due to the lengthened interval between 
overhauls. A similar effect is experienced by middle age 
ships for the same reason. 


One way to address the effect on O&S costs of this 


overhaul policy change is by classifying each ship as 0 p 
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“mid age" and "young" and running a regression to detect any 
Meererences. But this will reduce the number of observations 
after we divide them into three subgroups. Some will have no 
new ships and some will have no old ships (Appendix D). It 
Mey cheretore, better to discuss this effect in an aggregate 


regression. 


B. UNANSWERED SIDE-EFFECTS OF THE OVERHAUL POLICY CHANGE 
Because of the Navy's 1985 overhaul policy change, and 
its possible negative effects on the overhaul rearession 
mesulting from varying mixtures of new and old ships among the 
different ships types, one may ask whether manpower costs, 
fuel and material consumption costs, or maintenance costs were 
affected. And if so, how? Perhaps the overhaul policy change 
increased ship manpower costs due to fewer overhauls per time 
period with, perhaps, decreased manpower requirement at the 
depots. Perhaps fuel and material consumption increased due 
to fewer engine shut down hours? Perhaps, the policy change 
resulted in increased maintenance costs in order to compensate 
Ce longer time span between overhauls. In order to 
investigate these possible side-effects, regressions on the 
collective dataset were conducted in order to obtain an 
overview of the entire Navy. This analysis was divided into 
the same four subcategories used previously. The following 
sections provide the regression outcome comparisons and 


analysis. 
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1. Manpower Costs 

To detect potential side-effects of therover m 
policv change on manpower, two regressions were performed. 
The first one used the same specification ds the accoun MA 
oriented regression. The second one included a data year (YR) 
factor, defined as 81,...,90. Table 6 compares the results of 
these two regressions. 

TABLE 6 


MANPOWER REGRESSIONS ON ALL OBSERVATIONS WITH 
AND WITHOUT DATA YEAR AS ADDITIONAL FACTOR 


"(4645 OBSERVATIONS) REGRESSION W/O YEAR REGRESSION WITH YEAR 






F VALUE 105316 126071 
ADJUSTED R- 0.9784 0. ae 
INTERCEPT [tC | eee 
— Y Eò 
OFFNAVY 101570 | 102660 | 
me BELA EG OE 
ENLNAVY 16412 TEE 06 
o. E A A AA NN 
YEAR = 1105 


lA ERES 


* SOURCE: regression performed by author 


The newly added variable YEAR is significant but 
with a very small coefficient value, which appears to 
represent the real rate of increase in manpower costs. A 
study of the sign, significance and source of this coefficient 
is beyond the scope of this report, but is recommended as an 


area appropriate for further manpower study. 
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2. Material Costs 


TABLE 7 
MATERIAL REGRESSIONS ON ALL OBSERVATIONS WITH 
AND nn DATA YEAR AS ae ees 
(4 i 


ADJUSTED R- u. 9887 ol 
INTERCEPT 168 CE 
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D 
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BEWOBDURGE: regression performed by author. 





Table 7 presents the results of the material cost 
Meeressions. For this subcategory, the year factor does not 
seem to be relevant because the T value is insignificant at 
mu 0.05 level of statistical significance. Also the quantity 
is very small even it is significant at the 0.10 level. 
Notice that the intercept changed from 0.7188 to -0.1054 which 
will be compensated for by the product of the year and its 
meorricient. This is due to the YEAR variable beginning at 
Sl. The positive coefficient indicates the material costs 
increase as years increase. Curiously, when the falling price 
meet. 6] Of oil products (fuel, petroleum lubricants, etc.) 
Guring the period 1981-1986 is considered, the slight increase 
in the material cost could be an indication of more steaming 
hours for ships, an average increase in combat mission during 
these years, a growing inventory of ships or inflation 


i C Ling the decreasing oil price. The specific reason for 


pal 


the coefficient's sign, Size and significance is beyond the 
scope of this study. 
3; Maintenance Costs 
TABLE 8 


MAINTENANCE REGRESSIONS ON ALL OBSERVATIONS WITH 
AND WITHOUT DATA YEAR AS. ADDITIONAL FACTOR 


(4645 OBSERVATIONS) REGRESSION W/O YEAR REGRESSLON WITH YEAR 





rm FWIED ed od 
[ADJUSTED R__|____ 0.9012 o 
[INTERCEPT 0,2322 A 
OE IEB Ro 
[AFLOAT NO A 
+ Logg LS OS | 
ERRATA 
7 oo oo m 


* SOURCE: regression performed by author 


Table 8 presents the results of the maintenance cost 
regressions. The YEAR coefficient is positively significant 
although the magnitude of the value is very small. Also the 
intercept changed drastically to -3.5648 which will be ofk Ei 
by the product of the calendar year and its coefficients. 


Again, this is a result of YEAR variable beginning with year 


CO 


les The positively significant coefficient means. 
maintenance cost increased very slowly. 0.443% was the total 
increase over the ten years from 1981 to 1990. Is it possible 
that this increase is due to the overhaul policy change? It 
IS hard to tell. It may also be that newer technology 
requires less maintenance hours (assuming unit price for 
maintenance remains fairly constant over the ten years), then 
these slightly increased maintenance costs reflect the growing 


number of Navy ships during the 1980s. If, on the other hana, 
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Maintenance on newer high-technology equipment is more 
expensive but the number of the maintenance hours remains the 
Same, then increased maintenance unit cost might be the reason 
Me Increase in maintenance costs. If the new technology 
"MH res less maintenance hours but at a higher cost per unit, 
MIEN it is really hard to tell. Once again, this is an area 
Meena the scope of this study. 
4. Overhaul Costs 

The overhaul aggregate regression will be slightly 
Mi rerent from the previous three regressions because it is 
assumed the policy change will have different effects on old, 
mid age and young ships. Age was already one of the 
memependent variables of the equation. Here, AGE is divided 
momo three different categories according to our assumption. 
Old ships are defined as ships commissioned before 1976. Any 
ship commissioned in year 1976 through 1980 is defined as a 
mmemaqe ship. Young ship are defined as ships commissioned in 
fee 2981 through 1990. 

A basic assumption concerning overhaul costs is that 
Within five years after commissioning, ships have reached a 
meme term steady state for overhaul costs. Old ships 
Lierefore are assumed to have reached long term steady state 
costs. Because of the overhaul policy change, the overhaul 
Seems 1Or the old ships would only decrease in the data year. 
“id age Ships could have both increasing and decreasing 


Overhaul costs in the data year because their increasing trend 
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pecame decreasing when the policy changed, with the net effect 
being negliqible. Young ships would only show inc r 

overhaul costs because they have not yet reached Tono Em 
steady state and are experiencing larger and larger over 
costs according to their pre-i985 or post-1985 overhaul aa 
schedule. Longer intervals between overhauls in the post-1985 
overhaul policy will result ina longer overall time periods 
reach steady state. The assumption we made is shown 


graphically in Figure 5. 


OVERHAUL COST AND AGE OF SHIPS 









HIGH l 
COST 
OLD SHIPS 
MID AGE 
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Figure 3: The relationships for old ships, mid age ships and 

voung ship under the changed overhaul cost. 
In the regression, the mid age ships is the default 
since they will have an insignificant positive/negatiwve 
coefficient. The two dummy variables for the three categories 


of ships are not enough to show the tendency of the overhaul 


cost, they only define the different intercept for these 


Categories. In order to show decreasing old ships' overhaul 


— 


costs and increasing young snips' overhaul costs, it required 
NOM Slopes to Capture the rate ot change in overhaul 
costs ¡for these three categories. When the two dummy 
variables are equal to zero, the regression will have only one 
remaining independent variable — HRSNOWAY. Below are the 
eu Comes of the regressions. 


TABLE 9 
OVERHAUL REGRESSIONS ON ALL OBSERVATIONS WITH 
AND WITHOUT DATA YEAR AS ADDITIONAL FACTOR 
(40 OBSERVATIONS) REGRESSION W 
F VALUE 1428 


ADJUSTED R- 2204 ad 
INTERCEPT DETE 
ci O d O 


A E T TT 
ETE EE . 
eo | ni 
Mon ojo | 2.7 TT 
MM TT 5.76 

O | «OTC 
O OO D | 0 TT 
O aa a 0 00 TT 

Mamore | A 7.063 

ne aga EO | 


D OURGE: regression performed by author 






The results are exactly as predicted. The adjusted 
increased a bit. The effect of the product of data year 
and slope coefficient offsetting the intercept still exists in 
this regression with year considered. Old ships have a 
Significant tendency for decreasing overhaul costs by 0.0303% 
per year and young ships have a significant increasing 
tendency for overhaul costs by 0.0637% each year. This same 
regression was used in Appendix D and was not successful due 


to the limited number of observations in individual types. 


oD 


Er SHORT CONCLUSION FOR DATA AUTHENTICATION 
Detailed analysis of the database resulted in better 


understanding of its quality. The following is a brief 


Summary ot the findings concerning the quality G 
database. 


° Aggregate analysis of the ten ship types should exclude 
CVNs and SSNs. CVNs have a different maintenance System 
from other ship types and the SSN manpower information 
appears to be systematically scrambled. 


e Missing fuel consumption values are significant only on 
nuclear ships. Because there is no BBLSPRHR data 
available for nuclear ships and HRSUWAY is not present 
until 1985, we should try to avoid using these variables 
A AG Ge EN SN 


° The change of the policy in year 1985 is important for 
understanding overhaul cost structure. The effect or 
this policy change on three different ship age categories 
was examined for its influence on overall O&S costs, and 
it does influence overall O&S Cost. 


° Overall, the database is suitable for further statistical 
analysis. Data authentication procedure followed in the 
first part of this study successfully identified the 
aberrant CVN maintenance costs and SSN manpower costs. 
The remaining subcategories and types are suitable for 
further analysis. 
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IILI. AGGREGATE O&S COST ANALYSIS 


Base on the data authentication results, it is determined 
that the database is suitable for further aggregate analysis. 
lie first step in this further analysis is to define O&S 
BOSLS, Because this 1s not accounting oriented analysis 
anymore, it is useful to include as many relevant and suitable 
VAMOSC-SHIPS sub-elements in this stage of the analysis in 
Order to enlarge the applicability of the results. Therefore, 
WES costs shall include all the main and sub-elements of the 
VAMOSC-SHIPS data except unscheduled repair costs and fleet 
modernization costs. It is intended that the theoretically 
correct independent variables will capture as much of the 


Variation in O&S costs as possible. That is to Say: 


O&S Costs = Total VAMOSC - 
(Non-scheduled repair costs (7) 
Ir rodermizatlOn COSbCS) 


A. POTENTIAL INDEPENDENT VARIABLES 

O&S costs includes all costs that are required for daily 
operations and any non-daily operations that are in support of 
daily operations. Many factors influence O&S costs, and there 
exist interrelationships between these E For instance, 
Wee” actors may be sub-factors of others. Tie following 


considerations were examined before choosing appropriate 


s 


independent variables for aggregate multivariate stati Gad 
regression analysis. 
1: Steaming hours underway (HRSUWAY) 


steaming hours underway of 2. ship OX 


PE 


ents a 


(A 


ship's mission or travel frequency. This factor rer ec: i au 
costs including fuel, oil, ammunition, “ood and water oa ns 
HRSUWAY, therefore can be expected to have a direct por 
relationship with O&S costs. 
2. Acquisition cost in real terms (ACOREAL) 
rhe acquisition cost in real terms 1S a DEC: 
ship size, equipment, and the weapon svstems instailed on the 
ship. Logically, material and labor construction COS 
with the size of the ship. With few exceptions (a smaller, 
complex, high-tech ship might be more expensive than ad Har 
Simpler ship) larger ships have higher costs to man and 
operate them as well. The same holds true for the equipment 
and systems installed. More equipment requires more 
maintenance and overhaul costs. However, certain types of new 
equipment may have higher up-front acquisition costs but lower 
long-run maintenance and overhaul costs. 
SA Manpower on board a ship (MANPWR) 

The number of personnel on board a ship is also a 
proxy for ship size and ship equipment. There is likely m 
high correlation between MANPWR and ACQREAL. But COE 
variable may capture some factors like operational tempo. Two 


different type ships with the same tonnage may require more 
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manpower to operate complex weaponry on a combat ship than on 


a support ship. Mere also miga pe different ratios of 


MiBBICErS to enlisted on similar size snip For instance, 


(/) 


aircraft carriers have a higner ratio of officers to enlisted 
than other ships with the same tonnage. Also, ships with the 
same tonnage as submarines may have lower manpower costs when 
Bemparedc to the nigh levels of compensation required to man a 
Submarine. More personnel requires increased O&S costs. 
4. Fleet of a ship (FLEET) 

Two major ship divisions in the U.S. Navy are the 
"emme Fleet and Atlantic Fleet. Ships assigned to the 
MiEMric fleet on average have longer transit routes than 
Atlantic Fleet ships and therefore have higher steaming hours 
per year. The higher steaming hours per year requires more 
maintenance and more frequent engine overhaul cycles resulting 
Mni gher O&S costs. Piesa De ar Ci S Y tie sé OT 
maritime forces to implement U.S. foreign policy decisions. 
Because of different foreign policy decisions, the Atlantic 
Fleet may, in fact, spend more time underway patrolling 
Atlantic and Mediterranean waters in order to execute European 
Ui Mideast foreign policy than do Pacific fleet snips. The 
Bic Fleet ships have extensive transit routes, but once 
they arrive on station, the ships are likely to spend a great 


Ed more time in port. 


Du Engine shut down hours (HRSNOWAX) 

Intuitively, this variable will be nicghlu Correnm M 
with HRSUWAY. However, this variable may capture variations 
in overhaul costs related to engine shutdowns. HMeuail NA 
engines are not shut down unless the ship will not be aar 
underway for an extended period of time. Overhaul iS Onewoe 
the possible conditions that will cause the engine to pe shut 
down. Since overhaul costs are a major portion of the total 
O&S cost, this is an important focus area of OSes 
analysis. Because of the complementary relationship between 
the HRSNOWAY and HRSUWAY ', a negative relationsnip exists 
between these two variables. Tf material costs are larger 
than the overhaul costs, then HRSNOWAY variable could have the 
wrong Sign in a regression model. If overhaul costs. 
larger than material costs, then the coefficient of HRSUWAY 
could have a wrong sign in the regression model. If overhaul 
costs and material costs are about equal, both coefficients 
for the variables might be insignificant. 

6. Data year (YEAR) 

The data year variable captures the Navy's overhaul 
policy change. Based on the results of the accounting 
oriented analysis, it was discovered that overhaul costs were 
affected by both data vear and commissioning aa Other 


subcategories would have some minor variation among years. 


“Please refer to equation (5) about the calculation of 
the engine shut down hours. 
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MEAR Should capture any potential policy change that occurred 
across the data years. 
T. Type of ships (NINE DUMMY VARIABLES) 

The variables ACOREAL and MANPWR capture different 
sizes, equipment and operational tempo characteristics of 
ships. These differences could also be grasped by using dummy 
enables to represent the different ship type in order to 
analyze the e::plicit effects of ship type differences on O&S 
costs. Individual ships of a particular ship type have basic 
Similarities in tonnage, equipment and operational tempo. One 
consideration in using dummy variables for ship types in the 
analysis is that increasing the number of variables will 
reduce the degrees of freedom in the analysis. However, this 
is of little consequence in this particular analysis given the 
number of observations in this dataset. Since the dummy 
Marteables for ship type represent more clearly defined 
Variations among similar characteristics than the variables 
ACQREAL and MANPWR, these variables could provide more useful 
insight into the analysis of overall O&S costs. But, as was 
Gemonstrated in the first part, if analyses were performed 
separately on the individual selected types of ships, the 
Gummy variables will be useless. To investigate the 
ME Oo lity of substituting a set of dummy variables for 
uri rent ship types in place of the independent variables 
ACQREAL and MANPWR, an initial analysis was done of their 


correlations. Table 10 shows the regression results obtained 
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using ACQREAL and MANPWR as dependent variables respectively 


ind the set of dummy variable as independent variables: 


{D 


TABLE 
REGRESSION RESULTS FOR SUPPORTING THE SET OK SHIP A 
VARIABLES ON REPLACING THE "ACOREAL" AND "MANPWR" VARIABLES 





LOG "UF ACOREAL 





F values 1877 
Adjusted R U 0085 1. SAN 
OA JUM 
9.45 
E 1.4354 | O. 42 
| | G s A 





* SOURCE: regression performed by author 


These regressions support the assertion that the set 
of dummy variable are highly correlated with ACOREAL and 
MANPWR and are appropriate substitutes. The statistical 


regression results support this conclusion: 


B: MODEL OF AGGREGATE ANALYSIS 

Having discussed all the candidate independent variables, 
a model for the aggregate analysis will now be discussed. 
According to the description in last section, the fira wm 
variables, HRSUWAY, ACOREAL, MANPWR, FLEET, HRSNOWAY and YEAR 
could be a set of independent variables covering all aspects 
that we thought of for estimating the 085 costs. The 


different ship types could replace the variables ACOREAL and 
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MANPWR. Figure 4 shows the basic structure assumed on the 


independent variables and the dependent variable. 


Aggregate Analysis Model Before Analysis 


MANPOWER wi 085 
e WITH | 
HYPER 


Dependent 
Variable 





Independent variables 
Figure 4: Aggregate analysis model before analysis. 


C; REGRESSION EQUATION FORMAT 

Because the independent variables included dummy 
variable(s), the regression would be in log-linear format. 
The log-linear format is most feasible for the aggregate 
alysis of O&S cost due to the potential interactions among 
the independent variables. Hildebrandt and Sze's study, An 
Estimation of USAF Aircraft Operating and Support Cost 
Relations, discusses the following advantages of applying a 


log-linear regression model to O&S cost analysis. 


Using the data discussed above, we examine the 
relationship between O6S costs and these types of 
Meera bies using a log-linear model. Given the nature of 
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O&S costs, any regression model is likely to bel 
approximation of some underlying relationsnip that 2s pam 
nonlinear and contains important interactions smond tie 
explanatory variables. A log-linear model Ss ka aas 
order approximation (in the logs) of Such a relatiO0nSoma 
Its multiplicative functional form (‘after taking ia 
ioqs) also reflects interaction among che variables. As 
a result, tne effect of a particular explanatory variable 
on O&S cost depends on the values of the other ez=pir s m 
variables. This type of interaction would not be obtained 
in a linear model. 

Another advantage of the log-linear model derives trom 
the ease in interpreting the regression coefficients. 
Since the coefficients of each variable in this model are 
interpreted as the percentage change in the dependent 
variable resulting from a l percent change in the 
explanatory variable, the units of measure for the 
variables become unimportant. As a result, measurement 
errors that do not affect tne growth rates Of ime 
variables have no effect on the estimated coefficients of 
the explanatory vono 

An additional advantage of a log-linear model is that it 
can reduce a potential problem with heteroskedasticity. 
Por xample, if the variance of the error term is 
correlated with the total number of aircraft in a 
particular MDS [Mission Design Series], the ordinary least 
squares estimation technique would yield estimates that 
are inefficient, although they would remain unbiased. The 
log-linear model, however, attenuate any correlation 
between the error term and explanatory variables. ([Ref. 
HER] 


The aggregate regressions required by this study can 
likewise be separated into two parts. The first part uses a 
structural model to perform regression on individual ship 
types. As we mentioned before, CVN maintenance and SSN 
manpower subcategories are not suitable for further analysis. 
However, since the regressions are performed by individual 
ship type, the abnormal data is isolated in these two types, 
so the results obtained for the other ship types will remain 
unaffected. By performing regressions on all ten ship types 


individually, this may provide support for our NE 
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findings concerning the abnormal quality of these two ship 


type data subcategories. 


= 


The second part will be to perform regression on the 
remaining eight types collectively using structural variables. 
By using different combinations of ACQREAL, MANPWR and the 
various snip type dummy variables it may be possible to 
establish appropriate relationships between the independent 


M'imrables and O£S costs. 


D. AGGREGATE ANALYSIS ON INDIVIDUAL TYPE 


TABLE 11 
REGRESSTONS, ONMEES COST 
(INCLUDING SCHEDULED OVERHAUL COSTS) 
(O&S=EL ELEMENT li aa JA WER a SMS IMENIPID) Peil ipi MENE 4.) 


Sad — — =" — mina 

ME aa ETE LID EN LEADER GEEN GEE AWS GN Gee WO Ek 
Er Ere SS ANT es rige | 
e s Tira 
PR ri ga ig oreo rege csofe 205) 0.250 T2-052>]=2-32z_ 

== 8 

10.982] 2.726|10.017| 1.753] 6.531 {10.4 76] 9.030 | 14.32. 7.332 

rsnoway| 0.485] 1.887] 0.254 |-0.207| 0.098 [0.053] 1.044 [0.882] 3.440 | 0.545 ` 
— e one resr pren po een rss 1005040771107 
Ae 00 TST SET 
[Fleet [OES GET] 10.330] 0-06 eeo ors geer Er oral WA TT 
OF [2.T56[35.16]1.124]0.136][55. 307]0.129 [2.579 [9.195] N/A 


“A SOURCE: regression EET ia author 













































The regressions shown in Table 11 used the first six 
variables as the independent variables likely to capture most 
“Allie variation in O&S costs. The coefficients for HRSUWAY 
are the opposite of the hypothesized sign. These opposite 
Signs could be caused by stronger effects of overhaul; the 
Overhaul costs are larger than material costs and HRSUWAY has 


a complementary relationship with HRSNOWAY . This 
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complementary relationship not only caused HRSUWAY to change 


Sion, it also weakened the effect o 


r+ 


HRSNOWAY anda made the 


specification appear to be incorrect. Notice also TIA 


O 


Ke 


(j 
O 
(D 
Fh 
th 
pa 


ents ror CYNS are insignificant end that Che mane aa 


ba 


efficient for SSBNs has a negative Coes tree jaya 

Since overhaul costs are having a disturbing effe Et 
these regressions, it is better to isolate the correlation 
oetween overhaul costs and 04S costs and also petween overhaul 
costs and the other independent variables. As aiscussed in 
che data authentication part of the analysis, the sub-element 
for scheduled overhaul in O&S costs is 3.1, HEMOS 
independent variables highly correlated with overhaul costs 
are HRSNOWAY and YEAR. After excluding overhaul costs from 
O&S costs and removing HRSNOWAY and YEAR from the model, new 
regressions were performed. Table 12 displays the results of 
these new regressions. 


TABLE 12 
O&5 COSTS REGRES Pa 
(EXCLUDING SCHEDULED OVBRI AI ISO m 
(O&S=ELEMENT = o Ll EN ET EN 0) 


CG CGN CV ae FF FFG oe Son 

oo | Go | es | es) | i296) | 49 i aoo | (290) | (120) | (19m | 
IE value va uef263013 

EE LE AA A AE EEE EE 
aseta AS e EEE 
: IIJID. IT. 072125. 00123. 392431. z01|21.7771—7.3251 10.04 
LEWER TEEL EI JR IE Ee see for fo Sr for | 0. 2280 
[3 [24.8314.793[1.53711.817[10.816/18.842 
[Manone | T- 599. JT ISSO Ta 53 SSL OS er 
T CHE STI CIS] TAB] 5.593 [PT ToT] 39.09 [49.02 [28 Soe] 11.551 na 
CESSE RENTE o-ar ooer oTo tes oT A 
ee n osso sss na EL or 


* SOURCE: regression rec by TT 





The results of this model more closely resemble the 


hypothesized relationships than the previous model with 
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Seperhaul costs included. All HRSUWAY coefficients are 
positively significant except for CVNs. ihe only CVN 
Meerticient that is significant is the MANPWR coefficient. 
Mets provided a further indication of the abnormality ot the 
CVN data values. It appears that CVNs must use a different 
“ Eosting system. The FLEET coefficients are insignificant 
meme tour of the ship types. FLEET was not an appropriate 
independent variable for SSBNs since none are assigned to the 
Pacific Fleet. The resulting insignificant FLEET coefficients 
for CVNs and SSNs are perhaps a result of the previousiy 
discussed problems with their respective maintenance and 
Manpower cost data. Deployment differences and mission 
differences between the Pacific and Atlantic fleets' use of 
the ship types may be responsible for the differing 
coefficient signs and significance. This is another area that 
manj benefit from further study. 

Using FFs as an example and excluding the effects of 
Overhaul costs on O&S costs, the results of this regression 
model would be interpreted in the following manner: (1) 
ceteris paribus, a one percent increase in steaming hours will 
cause O8S costs to increase by 0.1918 percent, (2) ceteris 
paribus, a one percent increase in acquisition costs will 
cause a 0.234 percent increases in O&S costs, (3) ceteris 
ea DUS, a one percent increase in the number of personnel on 
Meerd will increase O&S costs by 2.137 percent, and (4) 


K S paribus, if the ship is deployed in Pacific Fleet, O&S 
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costs will be -0.487 percent less than 1f the FF were deli 


in the Atlantic Fleet. 


E AGGREGATE ANALYSIS BY COLLECTIVE SHIP TYPES 


Building upon the results of the individual Sippy 


regressions, the nent model treats shin types co Tee e 
rather than individually. SSN and CYN data was not EE ad 
this collective model nor were overhaul sosts. Tne tast 


section involved regression models by individual snip types in 
which case the dummy type variables could not be a replacement 
for other variables. With eight snip types S BE DS 
collectively in this model, the replacement of the set N 
type dummy variables should be considered. in order 
determine the correlation between ACORBAL and MANPWR and to 
test whether or not the set of ship type dummy variables is an 
appropriate replacement for ACOREAL and/or MANPWR, seven 
regressions were performed. Each regression omitted dri oe 
variables in order to detect the effect of the absence OM 
omitted variables. Overhaul costs will be discus R 
separately after this discussion. The results cf these 


regressions are shown in Table 13. 
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TABLE 13 
PoC woot Os ON EIGHT TYPES COLLECTIVE OBSERVATIONS 
WITH DIFFERENT COMBINATIONS OF INDEPENDENT VARIABLES 
WES COSES = ELEMENT 1.0 + ELEMENT 2.0 +ELEMENT 4.0) 


Without 


ship B 
tvpes and 
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1. Regression one 


Regression one used the same specification as the 
second model in the individual aggregate analvsis. Since the 
Mi idjal aggregate analysis produced satisfactory results 
with fewer observations, it is not surprising that this 
regression with the larger number of collective observations 
provided even better results. The F value and adjusted R are 


6 534 and 0.9995 respectively. Except for the intercept, 
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all other coefficients are nigi se The “EE 
coefficient indicates that a ship assigned to tie Fa 
Fleet spends 90.1595 percent higher O&S costs rn 
consicering overhaul costs) than 1f it is assianed ma 
Atlantic Fleet. 
2. Regressions two and three 

Because of the suspicion of correlation between 
ACQREAL and MANPWR, these variables were individually removed 
in regressions 2 and 3. In regression 2 with MANPWR omitted, 
the ACOREAL and FLEET coefficients were considerably affected: 
The ACQREAL coerficient changed from 0.7139 to 1.1674 anche 
FLEET coefficient changed from 0.1595 to 0.3727. The ities 
parameters only changed slightly and the intercept remained 
Vise Gh beanie Notice also that the ACQREAL T-stacir mm 
changed from 65.767 to 460.943 but the HRSUWAY T-stalti mm 
changed «only from 40.750 eo SA GA This indicates that 
MANPWR is highly correlated with ACQREAL but not with HRSUWAY. 
ACQREAL 1s a dominating factor in regression 2.__Neverche m 
the ACQREAL coefficient changed considerably, so the 
independent variable MANPWR indeed explains something that 
ACOREAD COU snot. 

Conversely, when ACQREAL is omitted from equation 
one, all coefficients changed drastically. This time the T 
statistic for MANPWR changed from 40.630 to 177.68922 n 
coefficient changed from 0.2820 gga” a The intercept 


became positively significant and FLEET became negat ma A 
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meat. This larger influence indicates that ACQREAL is 
N ser proxy for O&S costs (excluding overhaul cost). 

The outcomes of regressions 2 and 3 strongly suggest 
s both ACOREAL and MANPWR explain some part oi the O&S 
Asis (excluding overhaul costs) that the other can not. 
Therefore, they are both relevant independent variables in the 
equation. Mere aelonsh osi tem OSS “costs (eiciuding 


overhaul costs) and between themselves are depicted in Figure 


ae 


Relationships Among ACQREAL, MANPWR and O&S 
cost (Without Overhaul) 


fr 
RCD 





E A ratte 
<a EE a 


| Figure 5: Relationships among ACOREAL, MANPWR and O&S cost 
(Without Overhaul). 


cm Regressions four, five, six and seven 
These regressions are intended to determine whether 


the set of ship type dummy variables is a good replacement for 
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ACQREAL and MANPWR variables. Regression four is developed by 
adding the set of ship type dummy variables to the model used 
in regression one. The results of regression four show that 
by adding the ship type dummy variables, the FLEET coefficient 
changes from positively significant to negatively significant. 
The intercept also changes in order to compensate for the 
coefficients of the dummy variables. The largest change in 
other coefficients occurrea in the MANPWR variable, cut the 
change was not as dramatic as in regressions 2 and 2 and the 
T-statistic was only slightly alterea. Although the ad m 
R: remained very high (ıt actually is the highest OCA 
the regressions), the F value dropped considerably mm 
986344 to only 271332. Taking a closer look at the ship e 
coefficients, the bigger the average tonnage of the ship the 
bigger the absolute value of the negative number for the 
coefficient. Does this mean that larger ships have lower O&S 
costs (exclusive of overhaul costs)? In order to obtain more 
information relating to this apparent paradox, the following 
regressions were examined. 

Regressions five and six duplicate regression two 
and three except the ship type dummy variables are added to 
the models. Omitting ACQREAL and MANPWR individually results 
in changes identical to regressions two and three. This adds 
further support for the aforementioned interrelationships 


between ACQREAL, MANPWR and O&S costs (excluding overhaul 
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cost) and also gives an indication that the set of ship type 
dummy variables does not affect other independent variables. 

Regression seven considers the case where both 
ACÇREAL and MANPWR are omitted and replaced with the set of 
ship type dummy variables. This set of dummy variables, 
therefore, represents the size, equipment installed, manpower 
and operational tempo characteristics. The results are 
rising. The model does not support the assertion that the 
set of ship type dummy variables is an adequate substitute for 
the ACOREAL and MANPWR variables. Also, the independent 
variable HRSUWAY captured the remaining variation since the 
ME rent jumped from 0.2952 to 2.0366. Three of the dummy 
Variables had insignificant coefficients and those with 
um cant coefficients had very small values. These results 
strongly suggest that the ship type dummy variables are not 
directly relevant to 04S costs (excluding overhaul costs) and 
are not replacements for the ACQREAL and MANPWR variables. It 
Can also be said that the dummy variables are not relevant 
because they did not capture any meaningful variation in 
regression seven. Among the seven regressions, the initial 
model--the first model with no ship type dummy variables and 
with both ACOREAL and MANPWR independent variables included-- 


is the best choice for explaining 0£S cost relationships. 


E OVERHAUL COST PROBLEM 
Med] clie point the effects of overhaul costs on 069 
K s ave been ignored. MUA Mo Lan] COSTS ¢ 


se 


Since the accounting approach defines scheduled overnaul costs 
as a function of engine shut down hours anda aar eee 
regression is redone on only the eight Snip a oe p G IH 
accounting-oriented specification, the results will pa si m 
to the overail overhaul regression discussed in part one. 
That regression does not provide useful information Tou mi 
forecasting or simulation. What is desired is to consta 
Structural equation on only overhaul costs since chisi 
component could not be integrated into the aggregate O&S costs 
analysis. 

In addition to the "data year" factor ‘this is ali m 
because of the overhaul policy change), there are two other 
possible factors that could influence overhaul costs 
first one is, once again, the acquisition cost in real iS 
An expensive ship could mean a bigger ship, more equipment on 
board and hence more work when overhauled. It also could mean 
new technology which can, by itself, reduce the cost of 
overhaul, but this kind of influence will not easily overcome 
the costs associated with size and equipment. Therefore, it 
is expected that the coefficient of ACQREAL will be positively 
SEGA Ea 

A second factor to consider is the FLEET to wni Poe 
ship is assigned. Since it has been shown that ships will 
have different O&S costs (excluding overhaul costs) depending 
upon wnich fleet they are assigned to, there could be overhaul 


cost differences as well. A logical assertion (based upon the 
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previously presented analysis) is that Pacific Fleet overnaul 
costs are higher because of the larger geographical areas that 
must be covered. Extending the dummy variable and dummy slope 


s C co Structural overhaul analysis, a -og-linear 


regression model will be specified as follows: 


In(Overhaul Cost) =$,+,1n(ACQREAL) +, FLEET 
+, OLD+, OLDynap +b; YOUNG +, YOUNG yrap 


The regression result obtained is shown in Table 14 and 
Bompared with Che accountingsemsented regression for ease in 
interpretation. 

TABLE 14 


OVERHAUL COSTS STRUCTURAL REGRESSION AND ACCOUNTING 
EE na TON RESULT COMPARTOON 


= STRUCTURAL ACCOUNTING ORIENTED 
7022 


cn DO O] 
— sss A = G= s Ti | 
ACOREAL 0. TETE E 

I ERA E LO 


SEED 0.9448 
| 
| 
| 
HRSNOWAY RE EE 
s 





Lk d 
Dd. 14% Ga dT D 


S EDYERR -0.4330 
== 
OTE OI 
ME 12 me I 

YOUNGYEAR (5652 21890 


Mao | 2105 ER J] 


* SOURCE: regression performed by author 


The accounting-oriented regression has the specification 
employed in the data authentication part of this research. 


mi result of the regression is quite good and, engine shut 


down hours dominates the model. As we discussed earlier, this 
regression serves the purpose of data authentication. 

The structural regression, which describes the effect of 
technology and policy on overhaul costs, has a lower adjusted 
R° and lower F value but significant coefficients (except the 
intercept). These results appear to be normal itor a 
regression model explaining an intermittently occurring event, 
provided that une period between the event 1s unknown. Ii we 
had enough information about the period between overhauls, @ 
lag term could be introduced to capture this etfect, and lie 
structural regression results might be ezpeccea roi 


This could be another topic for future research. 


G. ADJUSTED AGGREGATE ANALYSIS MODEL 

The final models for both O&S costs with and withoue 
overhaul costs can be developed. The original model should be 
adjusted based on our findings, and the new aggregate analysis 


model should appear as shown in Figure 6. 
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Adjusted Aggregate Analysis Model 


_ CGN | WITHOUT | 





s | Ee | OVERHAUL ) 
EL ad | == | 
CE D JOVERH aur 


we 


a PROL ss Dependent 


- SSBN Variables 


Pet Ee BIS 


Independent Variables 
Figure 6: Adjusted aggregate analvsis model. 


Figure 6 shows that O&S costs (excluding overhaul cost) 
are a function of steaming hours underway (HRSUWAY), 
acquisition cost in real term (ACOREAL), the number of 
personnel assigned on board (MANPWR) and the fleet to which 
F ship belongs (FLEET). otra Ossa pin TOn OL 


ACOREAL, FLEET and data year of the observation (YEAR). 


H. SHORT CONCLUSION FOR AGGREGATE ANALYSIS 
The following observations are worth mentioning: 


e Changing of the Navy's overhaul policy had little or no 
influence on subcategories other than overhaul cost. The 
final model for O&S costs does not contain a year 
marvabple. it will not be difficult to forecast on all 
subcategories except overhaul because overhaul is 
sensitive to the year of observation and no conclusion is 
made regarding whether or not the policy change effects 
have reached steady state. 


B. 


When doing aggregate analysis, overhaul cost must be 
analyzed separately. When analyzing O&S costs including 
overhaul costs, the steaming hours underway coefficient 
will become negative because or the COompiementar ST 
with engine shut down hours and overhaul sosts a 
larger than material “costs. 


Manpower always has the largest coefficient. - larger 
coefficient means a larger percentage change in O&S costs 

exciuding overhaul cost) when chere is a one vercent 
increase in the independent variable. Hence, MANPWR is 
the most efficient factor to use in Cost CE a 
Given a fixed O&S budget, detailed simulation analysis 
might be employed to determine the eitzend to wnicn a more 
efficient use of manpower might enable the U.S. Navy £6 
maintain a larger number of ships than are UW NN 
planned. 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


Beeauce Of the Overhaul policy change, overhaul costs 
were transitioning to a new steady state. We have no evidence 
to conclude that the transition has ended, hence forecasting 
mere ene Overhaul costs subcategory is limited without batter 
information. Given the assumption that the transition period 
to steady state takes five years, additional data might 
MMMMEJte that this transition has peen completed. 

Manpower cost is a very big portion of total 085 costs 
and the analysis results show that managing manpower issues 
has the largest impact on O&S cost saving decisions and 
peemorentiy allocating O&S costs. This area of research is 
most strongly recommended for future study. 

The Republic of China's Navy derived its O&S costing 
Dem from the U.S. Navy. Although institutional difference 
MIE be an issue, this study could be useful reference for 
the R.O.C. Navy given its clear results and well defined 
models and methodologies. 

Generally speaking, the observations in this dataset are 
valid for any further research except for certain types of 
ships (e.g. CVN and SSN). Follow-on researchers should have 
sufficient institutional knowledge and be familiar with the 
sl ting and support cost system to fully explore the 


relationships in this database. 


SE 


Finally, the research resuitsm ra 
establishing the reliability of the VAMOS T 


in understanding O&S cost relationships. As the res 





progressed, additional areas of interesi merem ui Tr N 
they are beyond the scope of this study. By investiga 
these areas, a more thorough understanding of O&S eos m 


be obtained. 
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APPENDIX A. ALL ELEMENTS IN THE VAMOSC DATA 
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1.2.1.i1.1 UNDERWAY 
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Eeden OTHER POL 
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BARREL O TOF FUEL CONSUMED 
Jn E 


la NOT UNDERWAY 


l BEPAIR PARTS 
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ORGANIZATIONAL TACONES 
ORGANIZATIONAL ISSUES 
PURCHASED SERVITIA 

PRINTING AND REPRODUCTION 

ADP RENTAL ¿€ CONTRACT SERV 
RENT-AND OTILITESS 
COMMUNICATIONS 


OTHER 


DIRECT INTERMED MAINTENANCE 
AFLOAT MAINTENANCE LABOR 
AFLOAT MAINT LABOR MANHRS 
ASHORE MAINTENANCE LABOR 
ASHORE MAINT LABOR MANHRS 
MATERIAL 

AFLOAT REPAIR PARTS 

ASHORE REPAIR Pate 


COMMERCIAL INDUSTRIAL SERVICES 


DIRECT DEPOT MAINTENANCE 
SCHEDULED SHIP OVER MI 
REGULAR OVERHAUL (SLEP) 


PUBLIC SHIPYARD ers 
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APPENDIX B. LIST OF PRELIMINARY RESEARCH 
REGRESSIONS 


The following is a partial chronological E 


regressions performed. 


4 
LES 


ES 


—) 


CO 


Re 


ake 


ie 


MN5003: Regression on individual ship of class 09654 
average values. 


MN5004: Regression on year ot class 0963 using average 
vall ESE 


MN6003: Same regression as MN5003 bul with Pia 
specification on dependent variable. 
MN6004: Same regression as MN5004 but with ci TS a 
specification on dependent variable. 


MN6005: Dealt specifically with overhaul cost using all 
observations. 


MN6006: Structural regression on total O&S cost uce 
only class 0963 ships. 


MN6001: A rewritten program. Same as MN6006 but using 
different independent variables. 


THO0001: Divided the O6S cost into several subcategories 
and do accounting oriented regressions on each 
subcategory. “Only class. 090. 


THOOOO: Same program as TH00001 but using the whole 
observations. 


THOOO4: Use different independent variables andiren 
program TH0000. 


THOOO3: Do same regression as THOOO4 down to individual 
ship level. 


THOO006: Do same regression as THO004 but regress on cross 
sectional annual data. 


TH0007: Regression of steaming hours underway to year, 
try to find the decreasing tendency of steaming mors 
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144. 


ld 


HS. 


PDA 


PU 


24. 


PIŻ. 


did. Using Same specification as TH0003 to regress 
only class 0963 and found there are some outliers. 


THOOQ81: Redefine dependent and independent variables and 


do accounting oriented regression again on only class 
M65 ships. 


MN6002: A revised program with different linear 
combination of independent variables. 


MN60011 and MN60012: Same regression as MN6002 but 
regress on individual ship and annual data respectively. 


THOOLO: Using PROC AUTOREG procedure in the SAS language 
to deal with the serial correlation problem. 


THOO11: Using pooled data method and wrote a SAS program 
to deal with serial correlation and heteroskedasticitv 
Simultaneously. 


Regroup the data according to type of ship and developed 
a model on authenticating the data. 


Found the Navy had changed its overhaul policy and 
developed an assumption on old and new ships. 


Found that there are more missing values in the database. 
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APPENDIX C. SAS PROGRAM OF THE MATHEMATICAL MODEL 


* RESTRICT THE OBSERVATION TO ONLY THE TEN TYPES “hE Vali 
IF TYPE='CG' OR TYPE='CGN' OR TYPE='CV' OR TYPE=*CVN' OR TYPE='DD' OR 
TYPE='DDG' OR TYPE='FF* OR TYPE='FFG* OR TYPE='SSBN* OR TYPE MSHE 


+ RESTRICT THE DEPENDENT VARIABLES TO THE SUB-ELEMEN S72 
WANTED. 
MP=SE111; 
LMP=LOG (MP) ; 
MAT-SEL?2 SES: 
LMAT=LOG (MAT) ; 
MH=SE21+SE22; 
IF MH=0 THEN MH=1; 
LH=LOG (MH); 
OV=SE31; 
IF OV=0 THEN OV=1; 
LOV=LOG (OV) ; 
NEWOS=SE10+SE207SE317SE40; 
LNEWOS=LOG {NEWOS) ; 


* GET INDIVIDUAL SHIP'S EARLIEST AND LATEST OBSER A 
TEAR: 
PROC SORT; BY GROUP SHIPNAME; 
PROC MEANS NOPRINT; BY GROUP SHIPNAME; 
VAR YR; 
OUTPUT OUT=MAN MIN=LOW MAX=HIGH; 


* MERGE THE EARLIEST AND LATEST OBSERVATION YEAR TO THE 
ORIGINAL DATABASE. 

DATA TWO; 

MERGE ONE MAN; 

BY GROUP SHIPNAME; 


~ IF THE OBSERVATIONS FOR CERTAIN SHIPS ARE LESS stants 
DELETE THEM BECAUSE OF THE MATHEMATICAL CALCULATIONS eas 
MORE OBSERVATIONS THAN THE NUMBER OF DEPENDENT VARIABLES. 
DATA THREE (KEEP=MP OFFNAVY ENLNAVY SHIPNAME YR TYPE LOW HIGH); 
SET TWO; 
IF HIGH-LOW LE 1 THEN DELETE; 


* REGRESS BY TYPE TO GET THE HIiRST TIME BES AG Ms 
PROC SORT; BY TYPE SHIPNAME YR; 
PROC REG; BY TYPE; 
MODEL MP=OFFNAVY ENLNAVY; 
OUTPUT OUT=MANPOWER R=MPRESID; 
PROC SORT DATA=MANPOWER; BY TYPE SHIPNAME YR; 


* CALCULATE THE NUMERATOR AND DENOMINATOR OF THE 
M THP I lk 
DATA FOUR (KEEP=MPRESID MP OFFNAVY ENLNAVY SHIPNAME YR LOW HIGH TYPE 
UP DOWN1 DOWN2 LMPRESID); 
SET MANPOWER; 
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PE STD LAG MPRESITD); 

IF YR=LOW THEN UP=0; 

IF YR GT LOW THEN UP=MPRESID*LMPPESID; 
IF YR=LOW THEN DOWN1=0; 

IF YR GT LOW THEN DOWN1=MPRESID**2; 

IF YR=LOW THEN DOWN2=0; 

meeye GT LOW THEN DOWN2=LMPRESID**2; 


Peer UATE THE FINAL RESULT OF THE p. 
PROC MEANS NOPRINT;VAR UP DOWNI DOWN2; BY TYPE SHIPNAME; 
OUTPUT OUT=ANYNAME SUM=SUMUP SUMDOWN1 SUMDOWN2; 


MWME'ERGE THEM TO THE DATABASE. 
DATA FIVE; 
MERGE FOUR ANYNAME; 
Eee GROUP SHIPNAME; 


Meee GCULATE THE ESTIMATED VALUE OF THE DEPENDENT AND 
M'MEPENDENT VARIABLES USING THE p CALCULATED BY PREVIOUS 
s C EDURES. 
DATA SIX (KEEP=MPRESID MP OFFNAVY ENLNAVY SHIPNAME YR LOW HIGH TYPE 
UP DOWN] DOWN2 RHO SUMUP SUMDOWN1 SUMDOWN2 NEWMP NEWOFF 
NEWENL LMP LOFFNAVY LENLNAVY) ; 
DEL FIVE; 
RHO=SUMUP / (SORT (SUMDOWN1) *SQRT (SUMDOWN2)) ; 
LMP=LAG (MP) ; 
LOFENAVY=LAG (OFFNAVY) ; 
LENLNAVY=LAG (EN LNAVY) ; 
IF YR=LOW THEN NEWMP=SORT (1-RHO**2) *MP; 
IF YR GT LOW THEN NEWMP=MP-RHO* LMP; 
IF YR=LOW THEN NEWOFF=SQRT (1-RHO**2) *OFFNAVY; 
IF YR GT LOW THEN NEWOFF=OFFNAVY-RHO* LOFFNAVY ; 
IF YR=LOW THEN NEWENL=SORT (1-RHO**2) *ENLNAVY; 
IF YR GT LOW THEN NEWENL-ENLNAVY-RHOFLENLNAVY; 


meee ihe, SECOND TIME REGRESSION TO GET THE SECOND TIME 
RESIDUAL. 

DATA SEVEN (KEEP=SHIPNAME YR LOW HIGH TYPE NEWMP NEWOFF NEWENL) ; 

PET SIX; 

PROC SORT; BY TYPE SHIPNAME YR; 

BROC REG; BY TYPE; 

MODEL NEWMP=NEWOFF NEWENL; 

OUTPUT OUT=MANP R=MP2RESID; 


mad oi STP CALCULATION OF THE u ACCORDING TO THE 
MATHEMATICAL PROCEDURE. 


DATA EIGHT (KEEP=SHIPNAME YR LOW HIGH TYPE NEWMP NEWOFF NEWENL 
MP2RES ED) 

SET MANP; 

r FPESID=MP2RESID**2; 


PROC MEANS DATA=EIGHT NOPRINT; VAR MP2RESID; BY TYPE SHIPNAME; 
OUTPUT OUT=ANY SUM=SUMMP2RE; 


“ MERGE THEM TO THE DATABASE. 


PATA NINE; 
MERGE AN 2 EL EGHT; 
ENS ROO P SHIPNAME; 
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* SECOND STEP CALCULATION OF THE u ACCORDING TO THE 
MATHEMATICAL PROCEDURE. 

DATA TEN /KEEP=SHIPNAME YR LOW HIGH TYPE NEWMP MEWOFF NEWENL HIGH 

SUMMP2RE FINMP FINOFF FINENL SUI); 

SET NINE; 

SUL=SORT (1/ ( (HIGH-LOW+1)-2) *SUMMP2RE) ; 

FINMP=NEWMP/SUI; 

FINOFF=NEWOFF/ SUL; 

FINENL=NEWENL/ SUI; 


* THIRD TIME REGRESSION TO GET THE BINA ee 
MODEL. 

DATA ELEVEN (KEEP=SHIPNAME YR TYPE FINMP FINCFF FINENL) ; 

SDS TEN, 

BROOM EG EX TEE, 

MODEL FINMP=FINOFF FINENL; 
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APPENDIX D. OVERHAUL REGRESSIONS BY TYPE 


REGRESSIONS ON OVERHAUL BY TYPES WITH 
DIFFERENT COMMISSIONED YEAR CRITERIA 
(AFTER 80 - YOUNG, BEFORE T Orea OLD) 
EE” =P FFG omms SBN = SSN] 


CG CGN EY CVN DD DDG 

rete | tos) am low Loop jesa (20 | 1650 
IF value] 55 ] 1761) 
OR jo-ss07 0 ese [0-s20i jo eers ase areour fosses fo sir 
1.6282 
a aan sms m9) 4.931 10. 738/-1-415/20.024l 5.166 l 7.875 [23 881 
14.946 [0.8751 

a. EPE +. “605 N/A - 0. 5041 > 408 | 2. 563 N/A 0.638 Ls 9 1.060 
Woungyr|0.1326| N/A | N/A |-0.019|-0.145] 0.065] N/A | 0.1065 | 0.0775] 0.025 | 
ft [1.302] N/A | N/A |[-0.079|-1.079]1.343] N/A | 5.073 | 1.322 11.008) 


* SOURCE: regression performed by author 





The dependent variable here is the same as used 
regression in section III.F. The independent variables have 
been categorized into three different group of ships. The 
OLD and YOUNG are dummy variables denoting whether the ship 
was commissioned before year 1976 or after year 1980 (not 
including years 1976 and 1980). The ships between years 1976 
and 1980 will be the default group (including years 1976 and 
BOBO). 

We can easily see from the above table that most of the 
cells in the table are shaded because either data are not 
available (N/A) or coefficients are insignificant. The "N/A" 
in the table means there is no observation in the group and 


hence no coefficient could be obtained. 
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